(19) 



J 



Europe isches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 954 032 A2 

EUROPEAN PATENT APPLICATION 



(43) 


O^ts of mjhlir^vtinrr 


(oi) mt ci. D . nu il £// mo, nuHiN o/id 




03 11 1999 Bulletin 1999/44 




AoDlication number' 99303345 5 






Data r»f filinrv OQ fVd 1 QQQ 

udte ot ruing. 4?.ih. i yys 




(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Hashimoto, Seiji 




MC NL PT SE 


Ohta-ku, Tokyo (JP) 




Designated Extension States: 


• Hoshi, Junichi 




AL LT LV MK RO SI 


Ohta-ku, Tokyo (JP) 


(30) 


Priority: 30.04.1998 JP 12139098 


(74) Representative: 




20.05.1998 JP 13825398 


Beresford, Keith Denis Lewis et at 




05.03.1999 JP 5843799 


BERESFORD & Co. 






High Holborn 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


2-5 Warwick Court 




Tokyo (JP) 


London WCTR 5DJ (GB) 



(54) Image sensing apparatus and system including same 



(57) In an image sensing apparatus having a plural- 
ity of unit cells, each including a plurality of photoelectric 
conversion elements and a common circuit shared by 



the plurality of photoelectric conversion elements, ar- 
ranged in either one or two dimensions, the plurality of 
photoelectric conversion elements are arranged at a 
predetermined interval. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image 
sensing apparatus in which a plurality ot pixels share a 
common circuit and an image sensing system using the 
apparatus. 

[0002] Conventionally, as an image sensing appara- 
tus using a gain cell, or an active pixel sensor (APS), 
there are image sensing apparatuses utilizing MOS 
FET, JFET, bipolar transistor. 

[0003] These image sensing apparatuses amplify 
photo-charges generated by photodiodes, that are pho- 
toelectric conversion elements, by various methods, 
then output the amplified photo-charge signals as image 
information. Since an amplifier for amplifying photo- 
charge exists in each pixel, the pixel is called a gain cell 
or an APS. 

[0004] An APS includes an amplifier and its controller 
in each pixel, therefore, the percentage of an area re- 
served for the photoelectric conversion element in a pix- 
el (area ratio) or area where light incidents in a pixel (ap- 
erture) tends to be small. This may cause deterioration 
of the dynamic range, sensitivity, and the S/N ratio of an 
image sensing apparatus. 

[0005] As described above, when an amplifier is pro- 
vided in each pixel, as shown in Fig. 40, the aperture 
decreases. To prevent the decrease in the area or the 
aperture caused by the amplifier methods of sharing an 
amplifier by a plurality of pixels, as disclosed in the Jap- 
anese Patent Application Laid-Open Nos. 63-100879 
and 9-46596, have been proposed. 
[0006] Figs. 41 and 42 illustrate configurations shown 
in the above documents. Referring to Figs. 41 and 42, 
reference PD1 to PD4 denote photodiodes as photoe- 
lectric conversion elements; M-^ to M-^ are MOS 
transistors for transferring photo-charges generated by 
the photodiodes PD1 to PD4; M RES is a MOS transistor 
for resetting the MOS transistors M-|-x-, to Mjx 4 ; and M QF 
and M SEL are MOS transistors configuring an amplifier 
(source follower). M SEL also functions as a selection 
switch for selecting a pixel. 

[0007] However, in the Japanese Patent Application 
Laid-Open Nos. 63-100879 and 9-46596, no practical 
layout of the foregoing elements on a chip when a plu- 
rality of pixels share a single amplifier is discussed. 
[0008] Further, there is no description about a layout 
in a case where an amplifier, shared by a plurality of 
pixels, is replaced by another unit. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in con- 
sideration of the above situation, and has as its first ob- 
ject to provide an image sensing apparatus, in which a 
common circuit, such as an amplifier, is shared by a plu- 
rality of pixels, achieving good performance without de- 



terioration in resolution. 

[0010] Further, it is the second object of the present 
invention to provide an image sensing apparatus having 
a noise reduction system, preferably used in the image 
5 sensing apparatus, in which a common circuit is shared 
by a plurality of pixels. 

[0011] It is the third object of the present invention to 
provide an image sensing system using the foregoing 
image sensing apparatuses as a sensor unit. 

10 [0012] According to the present invention, the forego- 
ing first object is attained by providing an image sensing 
apparatus having a plurality of unit cells, each including 
a plurality of photoelectric conversion elements and a 
common circuit shared by the plurality of photoelectric 

is conversion elements, arranged in either one or two di- 
mensions, wherein the plurality of photoelectric conver- 
sion elements are arranged at a predetermined interval. 
[001 3] The first object is also attained by providing an 
image sensing apparatus having a plurality of unit cells, 

20 each including a plurality of photoelectric conversion el- 
ements and a common circuit shared by the plurality of 
photoelectric conversion elements, arranged in two di- 
mensions, wherein photoelectric conversion elements, 
out of the plurality of photoelectric conversion elements, 

25 which are covered by a color filter that contributes most- 
ly to forming a luminance signal are arranged in a same 
interval both in the horizontal and vertical directions by 
arranging adjoining rows or columns of photoelectric 
conversion elements shifted from each other. 

30 [0014] Further, the first object is also attained by pro- 
viding an image sensing apparatus having a plurality of 
unit cells, each including a plurality of photoelectric con- 
version elements and a common circuit shared by the 
plurality of photoelectric conversion elements, arranged 

35 in either one or two dimensions, characterized by com- 
prising adjustment means for adjusting centers of mass 
of light-receiving areas of the plurality of photoelectric 
conversion elements provided in a central portion of the 
image sensing apparatus, so as to be apart at a same 

40 spatial interval. 

[001 5] Furthermore, the first object is also attained by 
providing an image sensing apparatus having a plurality 
of unit cells, each including a plurality of photoelectric 
conversion elements and a common circuit shared by 

45 the plurality of photoelectric conversion elements, ar- 
ranged in either one or two dimensions, characterized 
by comprising adjustment means for adjusting centers 
of mass of light-receiving areas of photoelectric conver- 
sion elements selected from the plurality of photoelectric 

so conversion elements, provided in a central portion of the 
image sensing apparatus, on the basis of a predeter- 
mined condition, so as to be apart at a same spatial in- 
terval. 

[0016] Further, to achieve the second object of the 
55 present invention, noise reading means for reading a 
noise of the common circuit; first signal reading means 
for reading a first signal through the common circuit; 
second signal reading means for reading a second sig- 



2 



F 



3 EPO! 

nal through the common circuit; and noise reduction 
means for reducing the noise from the first and second 
signals are further provided. 

[001 7] Alternatively, noise reading means for reading 
a noise of the common circuit; signal reading means for 
reading a plurality of signals through the common circuit; 
and noise reduction means for reducing the noise from 
the plurality of signals are further provided. 
[0018] Further, the third object of the present inven- 
tion is achieved by providing an image sensing system 
having the image sensing apparatus as described 
above, a lens system for forming an image on the image 
sensing apparatus, and a signal processing circuit for 
processing an output signal from the image sensing ap- 
paratus. 

[001 9] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the Fig. 5res thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 

Fig. 1 is a block diagram illustrating a configuration 
of the image sensing system according to an em- 
bodiment of the present invention; 
Fig. 2 A shows a layout of amplifiers in-pixels ac- 
cording to a first embodiment of the present inven- 
tion; 

Fig. 2B shows another layout of amplifiers in pixels 
according to the first embodiment of the present in- 
vention; 

Fig. 3 shows a practical pattern layout of two pho- 
todiodes and an amplifier according to the first em- 
bodiment of the present invention; 
Fig. 4 is a brief view of Fig. 3 from which a part of 
lines are omitted; 

Fig. 5 shows another practical pattern layout of two 
photodiodes and an amplifier according to the first 
embodiment of the present invention; 
Fig. 6 is a brief view of Fig. 5 from which a part of 
lines are omitted; 

Fig. 7 is an enlarged view showing vicinity of a float- 
ing diffusion portion according to the first embodi- 
ment of the present invention; 
Fig. 8 is an enlarged view showing vicinity of the 
floating diffusion portion according to the first em- 
bodiment of the present invention; 
Fig. 9 is a circuit diagram of a unit cell of a CMOS 
sensor in which two photodiodes share one ampli- 
fier according to the first embodiment of the present 
invention; 
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Fig. 10 is a circuit diagram of the image sensing ap- 
paratus including a signal processing circuit accord- 
ing to the first embodiment of the present invention; 
Fig. 11 is a timing chart for operating an image sens- 

s ing apparatus according to the first and second em- 

bodiments of the present invention; 
Fig. 1 2 is a timing chart for operating the apparatus 
according to the first and second embodiments of 
the present invention; 

io Fig. 13 shows a layout of common circuits in pixels 
according to the second embodiment of the present 
invention; 

Fig. 14 shows another layout of common circuits in 
pixels according to the second embodiment of the 

*5 present invention; 

Fig. 1 5 is a practical pattern layout of the common 
circuits each shared by two photodiodes according 
to the second embodiment of the present invention; 
Fig. 16 is a circuit diagram of the image sensing ap- 

20 paratus including a signal processing circuit accord- 
ing to the second embodiment of the present inven- 
tion; 

Fig. 17 is a circuit diagram of a unit cell configured 
with a common circuit and photodiodes according 
25 to the second embodiment of the present invention; 
Fig. 1 8 is an explanatory view for explaining a signal 
processing circuit; 

Fig. 1 9 is a layout of amplifiers in pixels according 
to a third embodiment of the present invention; 
30 Fig. 20 is another layout of amplifiers in pixels ac- 
cording to the third embodiment of the present in- 
vention; 

Fig. 21 is another layout of amplifiers in pixels ac- 
cording to the third embodiment of the present in- 
35 vention; 

Fig. 22 is another layout of amplifiers in pixels ac- 
cording to the third embodiment of the present in- 
vention; 

Fig. 23 is a practical pattern layout of four photodi- 
40 odes and an amplifier according to the third embod- 
iment of the present invention; 
Fig. 24 is another practical pattern layout of four 
photodiodes and an amplifier according to the third 
embodiment of the present invention; 
45 Fig. 25 is an explanatory view for explaining a var- 
iation of a layout; 

Fig. 26 shows a practical pattern layout according 
to the third embodiment of the present invention; 
Fig. 27 shows another layout of light-receiving are- 
50 as according to the third embodiment of the present 
invention; 

Fig. 28 shows another practical pattern layout of 
four photodiodes and an amplifier according to the 
third embodiment of the present invention; 
55 Fig. 29 is an example when on-chip lens according 
to the third embodiment of the present invention; 
Fig. 30 is a circuit diagram of a unit cell of a CMOS 
sensor having the aforesaid configurations accord- 
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ing to the third embodiment of the present invention; 
Fig. 31 is a circuit diagram of the image sensing ap- 
paratus including a signal processing unit according 
to the third embodiment of the present invention; 
Fig. 32 is atiming chart for operating an image sens- 
ing apparatus according to the third embodiment of 
the present invention; 

Fig. 33 is a circuit diagram of an image sensing ap- 
paratus including the signal processing unit accord- 
ing to a first modification of the third embodiment of 
the present invention; 

Fig. 34 is a circuit diagram of an image sensing ap- 
paratus including a signal processing unit according 
to a second modification of the third embodiment of 
the present invention; 

Fig. 35 is a timing chart for operating the image 
sensing apparatus shown in Fig. 34 according to the 
second modification of the third embodiment of the 
present invention; 

Fig. 36 is a timing chart during a vertical blanking 
period according to the second configuration of the 
third embodiment of the present invention; 
Fig. 37 shows a configuration of a common circuit 
according to a fourth embodiment of the present in- 
vention; 

Fig. 38 is a circuit diagram of a unit cell of another 
image sensor to which the present invention is ap- 
plied; 

Fig. 39 is a circuit diagram of a configuration of an 

amplifier shared by four photodiodes according to 

an embodiment of the present invention; 

Fig. 40 shows a conventional layout of amplifiers in 

pixels; 

Fig. 41 is a circuit diagram of a conventional con- 
figuration; 

Fig. 42 is a circuit diagram of another conventional 
configuration; 

Fig. 43 shows a layout of common circuits in pixels 
when each common circuit is shared by two pixels; 
Fig. 44 shows a practical pattern layout of two pho- 
todiodes and an amplifier shown in Fig. 43; 
Figs. 45A and 45B shows color filter arrangements; 
Fig. 46 is a layout of common circuits in pixels when 
each common circuit is shared by four pixels; and 
Fig. 47 shows a practical pattern layout of four pho- 
todiodes and an amplifier. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Preferred embodiments of the present inven- 
tion will be described in detail below in accordance with 
the accompanying drawings. 

<Possible Arrangements of Pixels and Common 
Circuit> 

[0022] First, possible arrangements of a plurality of 



pixels and a common circuit, shared by the pixels, based 
on the disclosure of the Japanese Patent Application 
Laid-Open Nos. 63-100879 and 9-46596, are described 
below. In the following explanation, an amplifier is used 
s as an example of the common circuit in an image sens- 
ing apparatus. 

[0023] Fig. 43 shows an example of a layout of com- 
mon circuits in pixels, when each common circuit is 
shared by two pixels. In Fig. 43, a case where each am- 

10 plifler as the common circuit, is shared by two pixels in 
two rows is shown, and, more specifically, each amplifier 
204 is arranged between two photodiodes 203 above 
and below the row of the amplifiers 204 (such as, pairs 
of photodiodes a n1 and a 21 , a 12 and a^, a 31 and a 41 . 

is and ^42" and so on )- Note, a photodiode 203, which 
is a photoelectric conversion element, and one half of 
the amplifier 204 configure a pixel. Reference numeral 

201 indicates a unit cell repeated in the column direc- 
tion, and reference numeral 202 indicates the unit cell 

20 repeated in the row direction. 

[0024] Fig. 44 shows a practical pattern layout of two 
photodiodes and an amplifier (a signal unit cell). The im- 
age sensing apparatus is a CMOS sensor, in this case. 
[0025] Referring to Fig. 44, reference numeral 221 de- 

2S notes the unit cell (area surrounded by a dash line), 
which are referred to by reference numerals 201 and 

202 in Fig. 43, having a size of two pixels, and repeat- 
edly arranged in both the row and column directions. 
Light incidents on photodiodes 222a and 222b (areas 

30 surrounded by bold lines, correspond to the photodiode 
pairs a 11 and a 2 i , a 12 and a22> ^31 ^nd a 41 , and a 4 2 ; 
and so on, shown in Fig. 43) is converted into electrical 
charges (photo-charges), and accumulated within the 
photodiodes 222a and 222b. The accumulated photo- 
ns charges are respectively transferred to a floating diffu- 
sion portion 225 (also surrounded by a bold line) via a 
transfer gate 223 for an odd row and a transfer gate 224 
for an even row, further transferred to the gate (floating 
gate) 226 of a MOS-type amplifier, which is the amplifier 
40 204. Current flowing through the MOS-type amplifier is 
modulated, and the output current is taken out from the 
pixel array via a vertical signal line 227. 
[0026] X-Y addressing of the two dimensional pixel ar- 
ray, as shown in Fig. 43, in the image sensing apparatus 
45 is realized by the vertical signal line 227, an odd-row 
scanning line 228, an even-row scanning line 229, and 
a row selection line 230. In addition, a power line 231 
for supplying electric power V DD and a reset line 232 for 
resetting the floating diffusion portion 225 and the gate 
so 226 to a predetermined voltage are also arranged in the 
horizontal direction. 

[0027] The lines 228 to 232 are arranged above the 
wiring of the unit cells, and the lines are basically wide; 
The area under these five opaque lines 228 to 232 does 
55 not receive light, therefore, the amplifier 204 is arranged 
under the lines 228 to 232. For the above reason, the 
two photodiodes sharing the amplifier are considered to 
be arranged on the upper and lower sides of the ampli- 
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fier. 

[0028] With this layout, however, since the centers of 
mass (CM) of the photodiodes are not equal, as seen in 
Fig. 43, the following problems arise. 
[0029] First, if the pixel array outputs signals of a sin- 
gle color, since spatial frequency and resolution are dif- 
ferent in one part from the other, the resolution deterio- 
rates, and moreover, moire appears. 
[0030] It is possible to cover the pixel array with a color 
filter whose color arrangement is as shown in Fig. 45A 
or 45B. In designing the color filter, colors may be ar- 
ranged so that difference between intervals between 
pixels corresponding to each color is minimized. In this 
case, however, the color arrangement is strictly limited. 
[0031] Further, if the Bayer filter as shown in Fig. 45A 
is used, intervals between pixels corresponding to green 
(G) filter, which contributes most to luminance (Y) sig- 
nals that the human eye is most sensitive to, are not 
equal. More specifically, considering the positions of the 
photodiodes, e.g., a 12 , a 23 , and a 32 corresponding to the 
green filter, the distance between the photodiodes a 12 
and a 23 in the column direction is different from the dis- 
tance between the photodiodes a^ and a 32 in the col- 
umn direction. Thus, the filter arrangement causes dif- 
ferent intervals between pixels corresponding to green 
filter, resulting in a moire problem; therefore, the quality 
of an obtained image is not good. 
[0032] Next, referring to Fig. 46, an example of a lay- 
out of common circuits in pixels when each common cir- 
cuit is shared by four pixels, is explained. 
[0033] In this case, an amplifier, i.e., the common cir- 
cuit, is shared by adjoining four pixels in two rows and 
two columns (2 X 2), and each amplifier 1 74 is surround- 
ed by four photodiodes 1 73 (such as 2 X 2 photodiodes 
b-,-|, b 12 , b 21 , and b^i and b 3 i, b^, b 41 , and b 42 ). In Fig. 
46, reference numeral 171 indicates a unit cell repeated 
in the column direction, and reference numeral 172 in- 
dicates the unit cell repeated in the row direction. 
[0034] Fig. 47 shows a practical pattern layout of four 
photodiodes and an amplifier. The image sensing appa- 
ratus is a CMOS sensor in this case, too. 
[0035] Referring to Fig. 47, reference numeral 1 81 de- 
notes the unit cell (area surrounded by a dash line), 
which is referred to by reference numerals 171 and 172 
in Fig. 46, having a size of four pixels, and repeatedly 
arranged in both the row and column directions. Light 
incidents on photodiodes 182a to 182d (correspond to 
either one of groups of the photodiodes, b 1v b 12 , b 21 , 
and b^, and b 31 , b^, b 41 , and b 42 shown in Fig. 46) is 
converted into electrical charges (photo-charges), and 
accumulated within the photodiodes 182a to 182d. The 
accumulated charges are respectively transferred to a 
floating diffusion portion 185 via transfer gates T83a to 
183d, respectively, further transferred to the gate 1 86 of 
a MOS-type amplifier, which is the amplifier 1 74. Current 
flowing through the MOS-type amplifier is modulated, 
and the output current is taken out from the pixel array 
via a vertical signal line 187. 



[0036] X-Y addressing of the two dimensional pixel ar- 
ray, as shown in Fig. 46, in the image sensing apparatus 
is realized by the vertical signal line 1 87 ; scanning lines 
188a to 188d, and a row selection line 190. In addition, 

s a power line 191 for supplying electric power V DD is ar- 
ranged in the column direction, and a reset line 1 92 for 
resetting the floating diffusion portion 185 and the gate 
186 to a predetermined voltage are arranged in the hor- 
izontal direction. 

10 [0037] The lines 188 to 192 are arranged above the 
wiring of the unit cells, and the lines are basically wide. 
The area under these six opaque lines 188 to 1 92 does 
not receive light, therefore, the amplifier 1 74 is arranged 
under the lines 188 to 182. For the above reason, the 

is four photodiodes sharing the amplifier are considered 
to be arranged around the amplifier. 
[0038] With this layout, however, since the intervals 
between the centers of mass (CM) of photodiodes are 
not equal, as seen in Fig. 46, the following problem aris- 

20 es. 

[0039] If the pixel array outputs signals of a single 
color, since spatial frequency and resolution are differ- 
ent in one part from another, the resolution deteriorates, 
and moreover, moir6 appears. The moire is a serious 
25 problem, and an image sensing apparatus with a moire 
problem does not sell on the market. This can be said 
for any image sensing apparatus having a configuration 
in which any number of pixels share a single common 
circuit. 

30 [0040] Accordingly the inventors of the present appli- 
cation have developed image sensing apparatuses hav- 
ing improved arrangements of pixels and circuits shared 
by a plurality of pixels. 

[0041] The image sensing apparatuses will be de- 
3s scribed below in detail. 

<Basic Configuration of Image Sensing Apparatus> 

[0042] Fig. 1 is a block diagram illustrating a configu- 
re ration of the image sensing apparatus according to an 
embodiment of the present invention. 
[0043] As shown in Fig. 1 , light incoming through an 
optical system 21 forms an optical image on a CMOS 
sensor 22, and converted into electric charges by a pixel 
45 array arranged on the CMOS sensor. The photo-charg- 
es are further converted, processed and outputted by a 
signal processing circuit 23 in a predetermined method. 
The processed signals are recorded on an information 
storage medium or outputted by a. recordingAransmis- 
50 sion system 24. The recorded or transmitted information 
is retrieved by a retrieving system 27. The CMOS sensor 
22 and the signal processing circuit 23 are controlled by 
a timing controller 25, and the optical system 21, the 
timing controller 25, the recording/transmission system 
55 24, and the retrieving system 27 are controlled by a sys- 
tem controller 26. 

[0044] Next, the CMOS sensor 22 according to the 
present invention will be described in detail. 
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<First Embodiment 

[0045] Fig. 2A shows a layout of amplifiers 1 2 in pixels 
when each amplifier 1 2 is shared by two pixels adjoining 
in the column direction, and Fig. 2B shows a layout of 
amplifiers 12 in pixels when each amplifier 12 is shared 
by two pixels adjoining in the row direction. 
[0046] In Fig. 2 A, two photoelectric conversion ele- 
ments 11 (such as, pairs of the elements p^ and p 21 , 
p 31 and p 41 , Pt 2 and P22. P32 and p 42 , and so on) sharing 
one amplifier 12 are arranged next to each other in the 
column direction, and the amplifier 12 is arranged along 
the adjoining pixels. In this manner, intervals between 
the centers of mass of the photoelectric conversion el- 
ements 11 (e.g., p 1v p 21 , p 31 , p 41 , p 12 , P22. P32- P42) in 
both the row and column directions become equal. Ref- 
erence numeral 13 indicates a unit cell repeated in.the 
column direction, and reference numeral 14 indicates 
the unit cell repeated in the row direction. 
[0047] Further, in Fig. 2B, two photoelectric conver- 
sion elements 11 (such as, pairs of the elements p l1 and 
p 12 , p 13 and p 14 , p 21 and p^, p 23 and p 24 , p 31 and p 32 , 
p 33 and p^, and so on) sharing one amplifier 12 are ar- 
ranged next to each other in the row direction, and the 
amplifier 12 is arranged along the adjoining pixels. In 
this manner, intervals between the centers of mass of 
the photoelectric conversion elements 11 (p 1lt p 12 , p 13 , 

Pi* P2i= P22. P23. P24> P31. P32. P33. P34) in both th e row 
and column directions also become equal. Reference 
numeral 15 indicates a unit cell repeated in the column 
direction, and reference numeral 16 indicates the unit 
cell repeated in the row direction. 
[0048] In the first embodiment, the number, N, of pho- 
toelectric conversion elements 11 sharing each amplifi- 
er 1 2 is two (N = 2), however, the number N may be an 
arbitrary number greater than 2. 

[Layout 1] 

[0049] Fig. 3 shows a practical pattern layout of two 
photodiodes and an amplifier in the CMOS sensor 22, 
and Fig. 4 is a brief view of Fig. 3 from which a part of 
lines are omitted. 

[0050] The CMOS sensor, as shown in Fig. 3, is 
formed on a singlecrystalline silicon substrate based on 
a layout rule 0.4u,m. Each pixel is a square, 8ujti each 
side, and a source follower amplifier, as the amplifier 1 2, 
is shared by two adjoining pixels arranged in the column 
direction. Therefore, the size of a unit cell 31 , shown by 
a dash line and is referred to by reference numerals 13 
and 14 in Fig. 2A. is 8u,m X 16um A plurality of unit cells 
31 are arranged in two dimensions. 
[0051] The photodiodes 32a and 32b, i.e., the photo- 
electric conversion elements, are formed on the right 
portion of respective pixels, and the shapes of the pho- 
todiodes 32a and 32b are almost mirror images. Further, 
the photodiodes 32a and 32b are designed so that the 
center of masses (CM) of light-receiving areas of the 



photodiodes 32a and 32b are located at a substantially 
identical position of each pixel. In Fig. 3, the areas of 
the photodiodes 32a and 32b, and the area of a floating 
diffusion (FD) portion 35 are shown by bold lines. Fur- 

s ther, in Fig. 3, reference numeral 38 denotes an odd- 
row scanning line for controlling each transfer gate 33 
in an odd-number row; 39, an even-row scanning line 
for controlling each transfer gate 34 in an even-number 
row; 40, a row selection line; and 42, a reset line for con- 

10 trolling the gate 43 of a MOS transistor. In Fig. 4, the 
lines 38 to 42 are not shown. 

[0052] Photo-charges accumulated in the photodi- 
odes 32a and 32b are transferred to the FD portion 35 
via the transfer gate 33 for the odd-number row and the 

is transfer gate 34 for the even-number row. The size of 
the both transfer gates 33 and 34 is L = 0.4|xm, W = 
1 .Ojim (L is a channel length and W is a channel width). 
The FD portion 35 is connected to the gate 36 of a 
source follower via an aluminum (A1) wire having a 

20 width of 0.4um s and the photo-charge transferred to the 
FD portion 35 modulates the gate voltage of the gate 
36. The size of the MOS transistor of the gate 36 is L = 
0.8u,m, W = 1 .Oum, and the total capacitance of the FD 
portion 35 and the gate 36 is about 5f F. Since Q = CV, . 

25 the gate voltage of the gate 36 changes by 3.2 volts in 
response to the transference of 10 s electrons. 
[0053] Current flowing in from a V DD terminal 41 is 
modulated by the MOS transistor of the gate 36, and 
transferred to a vertical signal line 37. Current flowing 

30 through the vertical signal line 37 is processed by a sig- 
nal processing circuit (not shown) and formed into im- 
age information. 

[0054] Thereafter, in order to set the potentials of the 
photodiodes 32a and 32b, the FD portion 35, and the 

35 gate 36 to the predetermined potential V DD , the gate 43 
of the MOS transistor connected to the reset line 42 is 
opened (at this time, the transfer gate 33 for the odd- 
number row and the transfer gate 34 for the even- 
number row are also opened), thereby the photodiodes 

40 32a and 32b, the FD portion 35, and the gate 36 are 
electrically connected to the V DD terminal 41 . 
[0055] Thereafter, the transfer gates 35 and 36 are 
closed, thereby the accumulation of photo-charges in 
the photodiodes 32a and 32b start again. 

45 [0056] The total number of the lines arranged in each 
unit cell in the horizontal direction is four, specifically, 
the odd-row scanning line 38, the even-row scanning 
line 39, the row selection line 40, and the reset line 42. 
The four lines are arranged in such a manner that two 

50 lines each are arranged on the upper and lower ends of 
each pixel, as shown in Fig. 3. 

[0057] Since these lines are thick wires and provided 
over pixels, as described above, an increase in the 
number of lines results in an increase in area which can 
55 not receive light, which reduces aperture. Further if the 
number of lines provided over a row is different from the 
number of lines arranged over another row, such that 
two lines in one row and three lines in the other row, the 
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apertures and the centers of mass of photodiodes ad- 
joining in the column direction become different in one 
row from the other. 

[0058] In layout 1, the power supply voltage V DD is 
provided to every pixel by connecting a power supply 5 
(not shown) with each pixel via a metal light-shield layer 
(not shown), arranged on the top layer of the CMOS sen- 
sor, and the V DD terminal 41 , formed as a through hole, 
in order to avoid the problem described in the previous 
paragraph. 

[0059] With the layout 1 as described above, it is pos- 
sible to provide a CMOS sensor having a plurality of pix- 
els, arranged in the same interval from each other, which 
have relatively high area ratio or high aperture. 
[0060] It should be noted that the area ratio or aper- 
ture may be further increased by using known on-chip 
convex lenses, for instance. 

[0061] Further, the metal layer used for supplying the 
power supply voltage VDD is not limited to a light-shield 
film, and may be an electrode material used for forming 
capacitor, for instance, placed over the entire pixel. 

[Layout 2] 

[0062] Fig. 5 shows another practical pattern layout 
of two photodiodes and an amplifier in the CMOS sensor 
22, and Fig. 6 is a brief view of Fig. 5 from which several 
lines are omitted. Further, Figs. 7 and 8 are enlarged 
views showing vicinity of an FD portion. Specifically, Fig. 
7 is a view when a wire over a gate 54 is omitted, and 
Fig. 8 is a view when a wire is provided over the gate 54. 
[0063] Referring to Fig. 6 to 8, the areas of photodi- 
odes 52a and 52b, and an FD portion 55 are shown by 
bold lines. The layout 2 also shows a case where two 
adjoining pixels share a single amplifier, similarly to the 
layout 1 , but the two adjoining pixels are arranged in the 
row direction. The centers of mass of the two adjoining 
photodiodes are located at a substantially same position 
of the each photodiode. 

[0064] Referring to Figs. 5 and 6, reference numerals 
52a and 52b are the photodiodes; 53, a transfer gate for 
an odd-number column; 54, a transfer gate for an even- 
number column; 55, the FD portion; 56, the gate of a 
source follower; 57, a vertical signal line; 58, an odd- 
column scanning line for controlling the transfer gate 53 
in an odd-number column; 59, an even-column scan- 
ning line for controlling the transfer gate 54 in an even- 
number column; 60, a row selection line: and 62, a reset 
line for controlling the gate 63 of a MOS transistor. Note, 
a wire connecting the gate 56 of the source follower and 
the FD portion 55 crosses over the gate 54 as shown in 
Fig. 8. 

[0065] In layout 2, the area ratio or the aperture is im- 
proved comparing to the layout 1 in which sharing an 
amplifier with two pixels adjoining in the column direc- 
tion. Accordingly, a CMOS sensor of wide dynamic 
range, high sensitivity, and high S/N ratio is realized. 
[0066] In layout 2, necessary four lines are arranged, 



and a power supply line 61 for providing a voltage V 0D 
is arranged in the column direction on the side of pho- 
todiodes opposite to the side of the vertical signal line 
57. 

[Noise Reduction] 

[0067] The inventors of the present application also 
have developed a signal read circuit, for reducing noise, 
suitably used in an image sensing apparatus having a 
configuration, as described above, in which a plurality 
of pixels share an amplifier. 

[0068] The noise reduction operation is explained 
with reference to Figs. 9 and 10. 
[0069] Fig. 9 shows a circuit configuration of a unit cell 
of a CMOS sensor in which two photoelectric conversion 
elements share one amplifier. Referring to Fig. 9, PD1 
and PD2 denote photodiodes as photoelectric conver- 
sion elements; M^ and M-pQ, MOS transistors for 
transferring photo-charges accumulated in the photodi- 
odes PD1 and PD2 to an FD portion; M RES , a MOS tran- 
sistor for resetting the FD portion; and M SF and M SEL , 
MOS transistors configuring a source follower. The 
MOS transistor M SEL also functions as a selection 
switch for selecting a photodiode. 
[0070] First, reset operation is performed by turning 
on the MOS transistor M RE3 , then, noise signal is. read 
out from the MOS transistors M SF and M SEL configuring 
the source follower. Next, photo-charge accumulated in 
the photodiode PD1 is transferred to the gate of the 
MOS transistor M SF via the MOS transistor M-py-,, then 
read out as a first signal via the MOS transistors M SF 
and M SEL . Thereafter, reset operation is performed 
again, and photo-charge accumulated in the photodiode 
PD2 is transferred to the gate of the MOS transistor M SF 
via the MOS transistor M-,^, then read out as a second 
signal via the MOS transistors M SF and M SEL . Accord- 
ingly, the noise signal, the first signal, and the second 
signal are obtained, and, by subtracting the noise signal 
from the first and second signals, a signal corresponding 
to the photodiode PD1 without the noise component as 
well as a signal corresponding the photodiode PD2 with- 
out the noise component are obtained 
[0071] Further, it is possible to add the photo-charge 
signal corresponding to the photodiode PD1 and the 
photo-charge signal corresponding to the photodiode 
PD2 by transferring photo-charge accumulated in the 
photodiode PD2 to the gate of the MOS transistor M SF 
while photo-charge accumulated in the photodiode PD1 
is kept at the gate of the MOS transistor M SF by chang- 
ing operation timing. 

[0072] Next, the image sensing apparatus including a 
signal processing circuit according to the first embodi- 
ment will be explained below. Fig. 10 shows an equiva- 
lent circuit of the image sensing apparatus including the 
signal processing circuit according to the first embodi- 
ment, and Figs. 1 1 and 1 2 are timing charts for operating 
the apparatus. 
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[0073] Referring to Figs. 10 and 11, vertical scanning 
operation is initiated in response to the pulse, which in- 
dicates a vertical blanking period, of a signal $ V-, or <J>V 2 . 
First, a signal ^TXro^ which is applied to the reset line 
62 of the first row is activated during a horizontal blank- 
ing period (i.e., when a signal tyHBL is high), and signals 
<»TX R0 .i (i is a row number. Below, the last part of the 
subscript, -i, is omitted.) for subsequent lines are acti- 
vated in the same manner. Accordingly, all the pixels in 
every row are reset to the reset potential V DD . 
[0074] In each horizontal blanking period, during a pe- 
riod T.,, a signal <j>L becomes high and a transistor 81, 
connected to the vertical signal line 57, is turned on and 
the vertical signal line 57 is reset. Simultaneously, sig- 
nals 0T N , <t>T s1 and $T S2 also become high, and transis- 
tors 82-1 , 82-2, and 82-3 are turned on. Accordingly the 
upstream part of transistors for reading signals, 84-1, 
84-2, and 84-3, and capacitors 83-1, 83-2, and 83-3 
(Cjn, C TS1 , C TS2 ) are electrically connected to the ver- 
tical signal line 57, and reset. Accordingly, residual 
charges in the capacitors 83-1 , 83-2, and 83-3, for in- 
stance, are removed. 

[0075] Thereafter, in a period T 2> the signal <J)TX RO to 
be applied to the reset line 62 is changed to high, and 
the floating gate, which is the gate of the source follower 
amplifier configured with the MOS transistors M SF and 
M SEL in each unit cell, is reset to the voltage V DD . 
[0076] Then : in a period T 3 , a signal <|>RV becomes 
high and a transistor 80 for grounding, connected to the 
vertical signal line 57 : is turned on, and the vertical sig- 
nal line 57 is grounded. Simultaneously, the signal 4>T N 
is changed to high in order to connect the capacitor 83-1 
(C TN ) for storing a noise component to the vertical signal 
line 57, and the transistor 82-1 is turned on. At this time, 
a signal (>S Q to be applied to the row selection line 60 
is high, and current corresponding to the potential 
(about V DD ) at the floating gate of the MOS transistor 
M SF flows from the V DD terminal 41 to the capacitor 83-1 
( c tn)> thereby the capacitor 83-1 (Cjn) stores charge 
corresponding to the noise component. 
[0077] Next, in a period T 4 , a signal ^TXqq applied to 
the odd-column scanning line 58 is changed to high, in 
turn, the transfer gate (MOS transistor M^, in this 
case) in an odd-number column is turned on, and photo- 
charge accumulated in the photodiode PD1 is trans- 
ferred to the floating gate of the MOS transistor M SF . 
The capacitor 83-1 (C^) for storing the noise compo- 
nent is disconnected from the vertical signal line 57 
when the signal $T N becomes low, and the capacitor 
83-2 (C-|- S1 ) for storing a photo-charge signal is connect- 
ed, in turn, when the signal 0T S1 is changed to high. 
Thus, charge accumulated in the photodiode PD1 , for 
instance, in an odd-number column is stored in the ca- 
pacitor 83-2 (C TS1 ) via the vertical signal line 57. 
[0078] Next, in a period T s , the signal <|>L becomes 
high, and only the vertical signal line 57 is reset. Since 
the signals <{>S 0 , 4»T N , <J>T S1 , and tj>T S2> are low, other por- 
tions are not reset, and their states are preserved. 



[0079] Next, the signal $TX RO applied to the reset line 
62 is changed to high between periods T 5 and T 6 , and 
the gate of the source follower amplifier (i.e., the gate 
of MOS transistor M SF ) is reset to the potential V DD . 

5 [0080] In the period T 6 , a signal ^TXqq applied to the 
even-column scanning line 59 is changed to high, and 
photo-charge accumulated in the photodiode PD2 in an 
even-number column is transferred to the floating gate 
of the MOS transistor M SF . At this time, the signal (|>T S2 

io is changed to high, thus the capacitor 83-3 (C TS2 ) for 
storing another photo-charge signal is electrically con- 
nected to the vertical signal line 57, and photo-charge 
accumulated in the photodiode PD2, for instance, in an 
even-number column is stored in the capacitor 83-3 

15 (C TS2 ) via the vertical signal line 57. 

[0081] In the aforesaid manner, charges correspond- 
ing to the noise component, a first signal, and a second 
signal are respectively stored in the capacitors 83-1 , 
83-2, and 83-3 (C TN C TS1 , C TS2 ) by each column for a 

20 row. 

[0082] Next, in a period T 7 , in order to sequentially 
transfer the charges stored in the capacitors 83-1 , 83-2, 
and 83-3 (Oj^ C TS1 , C TS2 ) to amplifiers 86-1 to 86-3, 
respectively, a horizontal scanning signal <t>Hn is 

25 changed to high for each columns controlled by a hori- 
zontal shift register 71 , and transistors 84-1 to 84-3, pro- 
vided for each column, are turned on; thereby the ca- 
pacitors 83-1 to 83-3 (Cjn C TS1 , C TS2 ) are connected 
to the respective amplifiers 86-1 to 86-3. From the ca- 

30 pacitors 83-1 to 83-3 (C^ Cy^, C^), the noise com- 
ponent, the first signal, and the second signal are out- 
putted, and from a differential amplifier 87-1 , a signal S1 
obtained by subtracting the noise component from the 
first signal is outputted. and a signal S2 obtained by sub- 

35 tracting the noise component from the second signal is 
outputted from a differential amplifier 87-2. Note that ac- 
cumulation of photo-charges in the photodiodes is also 
performed during the period T 7 . 

[0083] In a case where the signal 4>TX RO to be applied 
40 to the reset line 62 between the period T 5 and the period 
T 6 is not changed to high and reset operation is not per- 
formed, photo-charge generated by the photodiode PD2 
in an even-number column is transferred to the floating 
gate of the MOS transistor M SF where photo-charge 
45 generated by the photodiode PD1 remains; accordingly 
a signal of the photodiode PD1 in the odd-number col- 
umn and a signal of the photodiode PD2 in the even- 
number row are stored in the capacitor 83-3 (Cjsg) via 
the vertical signal line 57. Therefore, a noise compo- 
se nent, a signal corresponding to one photodiode (single 
signal component), and a signal corresponding to two 
photodiodes (double signal component) are stored in 
the capacitors 83-1 to 83-3 (C^, C TS1 , C TS2 ). Then, the 
noise component, the single signal component, and the 
55 double signal component are outputted to the amplifiers 
86-1 to 86-3 during the period T 7 . Thereafter, the noise 
component is subtracted from the single signal compo- 
nent by the differential amplifier 87-1 and a signal S1 is 
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outputted. Similarly, the noise component is subtracted 
from the double signal component by the differential am- 
plifier 87-2 and a signal S2 is outputted. 
[0084] Further, the first embodiment of the present in- 
vention is not limited to two-dimensional array, and ca- 
pable of applying to an one-dimensional line sensor. 
[0085] According to the first embodiment as de- 
scribed above, it is possible to realize a high precision 
image sensor without causing deterioration of perform- 
ance, such as deterioration of resolution and generation 
of moire, for instance. In addition, yield of image sensing 
apparatus becomes high. 

<Second Embodiment 

[0086] Next, the second embodiment of the present 
invention will be explained. 

[0087] Figs. 1 3 and 14 show other layouts o1 amplifi- 
ers 12, as common circuits, and photodiodes 11 when 
each amplifier 1 2 is shared by two photodiodes 1 1 . 
[0088] As shown in Fig. 13, the photodiodes 11 are 
arranged so that adjoining rows are shifted from each 
other by one half pitch. In odd-number rows, pixels cov- 
ered by green (G) filter (referred to as "G pixel" herein- 
after), which contribute mainly to a luminance (Y) signal, 
are respectively set across the amplifiers from pixels 
covered by red (R) filter (referred to as "R pixel" herein- 
after), which contribute to a color-difference signal, and 
In even-number rows, G pixels are respectively set 
across the amplifiers from pixels covered by blue (B) fil- 
ter (referred to as °B pixel 0 hereinafter), which also con- 
tributes to a color-difference signal. By arranging the G 
pixels in adjoining rows, shifted by one and half pitches 
in the row direction, intervals between G pixels in the 
row direction becomes the same, further, intervals be- 
tween the G pixels in the column direction also become 
the same. Accordingly problem of moire is solved, and 
a sensed image does not look deteriorated. 
[0089] Further, Fig. 14 shows an example when pho- 
todiodes 11 are arranged so that adjoining columns are 
shifted from each other by one half pitch. 
[0090] Next, Fig. 15 shows a practical pattern layout 
of two photodiodes and an amplifier, as the common cir- 
cuit, shared by the two photodiodes 11 arranged on right 
and left sides of the amplifier 12, as shown in Fig. 13. 
[0091] The CMOS sensor, as shown in Fig. 15, is 
formed on a singlecrystalline silicon substrate. Each pix- 
el is a square, 8pm each side, shown by a dash line 341 . 
As described above, plural pairs of photodiodes are ar- 
ranged in a two-dimensional array. Between each pair 
of two photodiodes, the common circuit is arranged. A 
photodiode covered by G filter (G photodiode) is set on 
the left side of the common circuit, and a photodiode 
covered by R or B filter (R/B photodiode) is set on the 
right side of the common circuit. In Fig. 1 5, an amplifier, 
using MOS transistors, is used as the common circuit, 
as an example. The layout rule is 0.4pm, and an area, 
area ratio, an aperture area, and aperture ratio of a pho- 



todiode 342 as a photoelectric conversion element is 
57.96pm 2 , 60.4%, 28.88u.rn 2 and 30.1%, respectively. 
These figures are very high comparing to conventional 
figures. 

s [0092] Reference numeral 343 denotes a transfer 
gate for transferring photo-charge from a G photodiode 
342 to a floating diffusion (FD) portion 345 and reference 
numeral 344 denotes a transfer gate for transferring 
photo-charge from an R/B photodiodes 342* also to the 
10 FD portion 345. The transfer gates 343 and 344 are 
MOS transistors, and the channel length and the chan- 
nel width of each MOS transistor is 0.4p.m and 1 .0u.m, 
respectively. Reference numeral 347 denotes a reset 
gate for resetting the FD portion 345 to a potential of a 
is power supply voltage V DD through a terminal 350, and 
reference numeral 346 denotes a gate ol a MOS-type 
source follower amplifier. The potential of the gate 346 
changes depending upon the transferred charge, and 
the amplifier modulates current flowing in from the V DD 
20 terminal 350. 

[0093] The total capacitance of the FD portion 345 
and the gate 346 is about 10fF, and as the area of the 
photodiodes increases, the capacitance also increases. 
The modulated current is eventually outputted to a ver- 
25 tical signal line 349 via a selection gate 348 for selec- 
tively outputting the current. 

[0094] Further, reference numerals 351 to 354 denote 
scanning lines for applying a predetermined potential to 
the selection gate 348, the transfer gates 343 and 344, 
30 and the reset gate 347, respectively. 

[Noise Reduction] 

[0095] Next, signal processing for reducing noise 
35 preferably used in the above-described image sensor is 
explained. 

[0096] Fig. 16 is an equivalent circuit diagram accord- 
ing to the second embodiment. In Fig. 1 6, the same units 
and elements as those shown in Figs. 10 and 15 are 

40 referred to by the same reference numerals. Further, 
Fig. 1 7 is an equivalent circuit diagram of a unit cell 374, 
surrounded by a dash line in Fig. 16 and whose pattern 
layout is shown in Fig. 15, configured with a common 
circuit 372 and photodiodes arranged on the both sides 

45 of the common circuit 372. 

[0097] In Fig. 17, reference numeral 350 is the V 0D 
terminal; 345, the FD portion; 363, a reset unit, such as 
a MOS transistor (reset MOS), for resetting the FD por- 
tion 345; 364 and 364', transfer units, such as MOStran- 

50 sistors (transfer MOS), for transferring photo-charges 
from the photodiodes 342 and 342' to the FD portion 
345; 365. an amplifier, such as a MOS transistor, for am- 
plifying thechange in the potential at the FD portion 345; 
and 366, a MOS transistor for selection (selection MOS) 

55 for selectively outputting a. signal from the amplifier 365 
to the vertical signal line 349. Further, the scanning lines 
354, 351, 352 and 353 are for applying potentials for 
turning on or off the reset MOS 363, the selection MOS 
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366, the transfer MOS 364, and the transfer MOS 364', 
respectively. In the unit cell 374, the MOS transistors 
363, 364, 364', 365, and 366 configure the common cir- 
cuit. Further, in the pattern layout shown in Fig. 15, the 
transfer gate 343 corresponds to the gate of the transfer 
MOS 364 of Fig. 17, the transfer gate 344 corresponds 
to the gate of the transfer MOS 364', the reset gate 347 
corresponds to the gate of the reset MOS 363, and the 
selection gate 348 corresponds to the gate of the selec- 
tion MOS 366. 

[0098] Next, referring to the circuit diagrams shown in 
Figs. 16 and 17, and timing charts shown in Figs. 11 and 
12, the noise reduction operation is explained. 
[0099] Referring to Fig. 11, vertical scanning opera- 
tion is initiated in response to the pulse, which indicates 
a vertical blanking period, of a signal <j>V., or <J>V 2 . First, 
a signal <i>TX R(M which is applied to the reset line 354 
of the first row is activated during a horizontal blanking 
period (i.e., when a signal <J>HBL is high), and signals 
<|>TX R0 _j (i is a row number. Below, the last part of the 
subscript, -i, is omitted.) for subsequent lines are applied 
in the same manner. Accordingly, all the pixels in every 
row are reset to the reset potential. V DD . 
[0100] In each horizontal blanking period, during a pe- 
riod T lf a signal <f>L becomes high, as shown in Fig. 12, 
and a transistor 81 , connected to the vertical signal line 
349, is turned on and the vertical signal line 349 is reset. 
Simultaneously, signals <|>T N , 4>T S1 and <frT S2 also be- 
come high, and transistors 82-1, 82-2, and 82-3 are 
turned on. Accordingly wires in the upstream of transis- 
tors for reading signals, 84-1 , 84-2, and 84-3, and ca- 
pacitors 83-1 , 83-2, and 83-3 (C^, C TS1 , C TS2 ) are elec- 
trically connected to the vertical signal line 349, and re- 
set. Accordingly, residual charge in the capacitors 83-1 , 
83-2, and 83-3, for instance, are removed. 
[0101] Thereafter, in a period T 2 , the signal <l>TX RO to 
be applied to the reset line 354 is changed to high, and 
the floating gate, which is the gate of the source follower 
amplifier configured with the MOS transistors 365 and 
366 in each unit cell is reset to the voltage V DD . 
[0102] Then, in a period T 3 , a signal <|>RV becomes 
high and a transistor 80 for grounding, connected to the 
vertical signal line 349, is turned on, and the vertical sig- 
nal line 349 is grounded. Simultaneously, the signal <|>T N 
is changed to high in order to connect the capacitor 83-1 
(C-tm) for storing a noise component to the vertical signal 
line 349, and the transistor 82-1 is turned on. At this time, 
a signal $S 0 to be applied to the row selection line 351 
is high, and current corresponding to the potential 
(about V DD ) at the floating gate of the MOS transistor 
365 flows from the V DD terminal 350 to the capacitor 
83-1 (C-nv,), thereby the capacitor 83-1 (Cjn) stores 
charge corresponding to the noise component. 
[0103] Next, in a period T 4 , a signal ^TXqq applied to 
the G pixel scanning line 353 is changed to high, in turn, 
transfer gate (MOS transistor 364) for the G pixel is 
turned on, and photo-charge accumulated in the photo- 
diode 342 is transferred to the floating gate of the MOS 



transistor 365. The capacitor 83-1 (Cjn) for storing the 
noise component is disconnected from the vertical sig- 
nal line 349 when the signal <J>T N becomes low, and the 
capacitor 83-2 (Cys-,) for storing a photo-charge signal 
s is connected, in turn, when the signal <j>T sl is changed 
to high. Thus, charge accumulated in the G photodiode 
342, for instance, is stored in the capacitor 83-2 (C TS1 ) 
via the vertical signal line 349. 

[0104] Next, in a period T 5 , the signal $L becomes 
high, and only the vertical signal line 349 is reset. Since 
the signals <|>S 0 , <|>T N , <j>T 31 , and <J>T S2 , are low, other por- 
tions are not reset, and their states are preserved. 
[0105] Next, the signal (|>TX RO applied to the reset line 
354 is changed to high between periods T 5 and T 6 , and 
the FD portion 345 is reset to the potential V DD . 
[0106] In the period T 6 , a signal ^TX^ applied to the 
R/B pixel scanning line 352 is changed to high, and pho- 
to-charge accumulated in the R/B photodiode 342' is 
transferred to the floating gate of the MOS transistor 
365. At this time, the signal $Tq2 is changed to high, thus 
the capacitor 83-3 (C TS2 ) for storing another photo- 
charge signal is electrically connected to the vertical sig- 
nal line 349, and charge accumulated in the R/B photo- 
diodes 342', for instance, is stored in the capacitor 83-3 
( C TS2) v ' a tne vertical signal line 349. 
[0107] In the aforesaid manner, charges correspond- 
ing to the noise component, a first signal, and a second 
signal are respectively stored in the capacitors 83-1 . 
83-2, and 83-3 (C^, C-,- s1 , C TS2 ) by each column for a 
row. 

[0108] Next, in a period T 7 , in order to sequentially 
transfer the charges stored in the capacitors 83-1 , 83-2, 
and 83-3 (Cju, C TS1 . C TS2 ) to amplifiers 86-1 to 86-3, 
respectively, a horizontal scanning signal <|>Hn is 
changed to high for each columns controlled by a hori- 
zontal shift register 71 , and transistors 84-1 to 84-3, pro- 
vided for each column, are turned on; thereby the ca- 
pacitors 83-1 to 83-3 (Cjn, C TS1 , C TS2 ) are connected 
to the amplifiers 86-1 to 86-3. From the capacitors 83-1 
10 83-3(0-^, C TS1> C TS2 ), the noise component, the first 
signal, and the second signal are outputted, and from a 
differential amplifier 87-1, a G component signal ob- 
tained by subtracting the noise component from the first 
signal is outputted, and an R/B component signal ob- 
tained by subtracting the noise component from the sec- 
ond signal is outputted from a differential amplifier 87-2. 
Note that accumulation of photo-charges in the photo- 
diodes is also performed during the period T 7 . 
[0109] In a case where the signal tJfTX R0 to be applied 
to the reset line 354 between the period T 5 and the pe- 
riod T 6 is not changed high and reset operation is not 
performed, photo-charge generated by the R/B photo- 
diodes 342' is transferred to the floating gate of the MOS 
transistor 365 where photo-charge generated by the G 
photodiode 342 remains; accordingly, a signal of the G 
photodiode 342 and a signal of the FVB photodiode 342' 
are stored in the capacitor 83-3 (C TS2 ) via the vertical 
signal line 349. Therefore, a noise component, a signal 
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corresponding to one photodiode (single signal compo- 
nent), and a signal corresponding to two photodiodes 
(double signal component) are stored in the capacitors 
83-1 to 83-3 (Cjn, C TS1 , C TS2 ). Then, the noise compo- 
nent, the single signal component, and the double signal 
component are outputted to the amplifiers 86-1 to 86-3 
during the period T 7 . Thereafter, the noise component 
is subtracted from the single signal component by the 
differential amplifier 87-1 and a G component signal is 
outputted. Similarly, the noise component is subtracted 
from the double signal component by the differential am- 
plifier 87-2 and a G+R/B component signal is outputted. 
[0110] The signal processing circuit 23, shown in Fig. 
1 , according to the second embodiment is explained 
with reference to Fig. 18. 

[0111] The G and R/B component signals output from 
the CMOS sensor 22 are converted into luminance (Y) 
signals and color difference (C Rl C B ) signals. Note that 
low frequency component of the luminance signals are 
generated using R, G, and B signals of at least two ad- 
joining rows. 

[0112] Further, high frequency component of the lu- 
minance signals are generated using high frequency 
component of G signals in at least two adjoining rows. 
Accordingly, an image of high resolution and good color 
reproduction is obtained. 

[0113] According to the second embodiment as de- 
scribed above, it is possible to obtain an image sensing 
apparatus of good sensitivity, high resolution, and wide 
dynamic range. 

<Third Embodiment 

[0114] Next, the third embodiment of the present in- 
vention will be explained with reference to accompany- 
ing drawings. 

[01 1 5] Fig. 1 9 shows a layout of amplifiers 1 2 in pixels 
when each amplifier 12 is shared by four (2 rows x 2 
columns) pixels, according to the third embodiment. 
[0116] In Fig. 19, each amplifier 12 is arranged in the 
center of four pixels, and four photoelectric conversion 
elements 11 (e.g., q 1n , q 12 , c^, q^) are arranged as 
they surround the amplifier 12. 

[0117] Further, a light-shield unit 17 is provided for 
each pixel in an area which is symmetry to a portion of 
the amplifier 12 occupying the pixel with respect to the 
center of the pixel. Therefore, the center of mass ol each 
photoelectric conversion element 11 is in the center of 
each pixel. Accordingly, the centers of mass of the pho- 
toelectric conversion elements 1 1 (q 11 , q 12 , q 2 i , °.3i » 
cUi' °42) are arranged at a same interval, D, both 
in the row and column directions. 
[0118] Fig. 20 shows another layout of amplifiers 12 
in pixels when each amplifier 12 is arranged at the 
boundary of four pixels arranged in a 2 x 2 array in the 
row direction, and the four photoelectric conversion el- 
ements 11 (e.g., q n , q 12 , q 21 , q^) are arranged so as 
to sandwich each amplifier 1 2. 



[0119] In addition, light-shield unit 17 is arranged in 
three peripheral areas, other than the peripheral area 
where the amplifier 12 occupies, of the pixel, as shown 
in Fig. 20. Therefore, the centers of mass of the photo- 

s electric conversion elements 11 (q 1v q 12 , q^, q^, q 3ls 
°.32' °-42) are located at the same interval, D, both 
in the row and column directions. 
[01 20] The arrangement as shown in Fig. 20 is rotated 
by 90 degrees, namely, an arrangement in which row 

10 direction and column direction are exchanged, is also 
possible. 

[0121] Further, in an arrangement as shown in Fig. 21, 
G filter, which contributes most to resolution, is arranged 
in the upper left pixel and the lower right pixel among 
15 four pixels configuring a unit cell 30. In the pixel covered 
by green filter (G pixel), a light-shield unit 1 7 is provided 
in an area which is symmetry to a portion of the amplifier 
12, arranged at a central portion of the unit cell 30, oc- 
cupying the pixel with respect to the center of the pixel. 
20 Therefore, the center of mass of the photoelectric con- 
version element 11 of the G pixel is at the center of the 
G pixel. With this configuration, intervals, D, of the pho- 
toelectric conversion elements q11 and q1 2 of G pixels 
become the same both in the row and column directions. 
25 [0122] Further, a pixel covered by red filter (R pixel) 
is arranged in the upper right pixel in the unit cell 30, 
and a pixel covered by blue filter (B pixel) is arranged in 
the lower left pixel in the unit cell 30. These pixels do 
not have light-shield units, differing from the G pixels; 
30 however, since a single R pixel and a single B pixel are 
arranged in each unit cell 30, the intervals between ad- 
jacent R and B pixels become identical, namely 2D. 
[0123] Fig. 22 is another layout of amplifiers 12 in pix- 
els. In this layout, areas occupied by the amplifier 12 
35 and the light -shield units 1 7 are reduced in the G pixels. 

[Layout 1 ] 

[0124] Fig. 23 shows a practical pattern layout of four 
40 photodiodes and an amplifier in the CMOS sensor 22 in 
Fig. 1. 

[0125] The CMOS sensor, as shown in Fig. 23, is 
formed on a singlecrystalline silicon substrate based on 
a layout rule 0.4um Each pixel is a square, 8u.m each 
45 side, and a source follower amplifier, as the amplifier 1 2, 
is shared by four pixels arranged in a 2 X 2 array. There- 
fore, the size of a unit cell 481 , shown by a dash line, is 
16um X 16ujti. A plurality of unit cells 481 are arranged 
in two dimensions. 
50 [0126] Photodiodes 482a, 482b, 482c, and 482d are 
formed diagonally in each pixel, and the shapes of the 
photodiodes 482a to 482d are nearly symmetry with re- 
spect to the center of the unit cell 481 as well as sym- 
metry with respect to vertical and horizontal lines pass- 
es ing over the center of the unit cell 481. Further, the cent- 
er of mass (CM) of each photodiode is designed to be 
at the same position in each pixel. Further, reference 
numeral 495 denotes a light-shield unit. 
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[0127] Reference numeral 488a is a scanning line for 
controlling a transfer gate 483a; 490, a row selection 
line; and 492, a reset line for controlling a gate 493 of a 
MOS transistor. 

[0128] Photo-charges accumulated in the photodi- 
odes 482a to 482d are transferred to a floating diffusion 
(FD) portion 485 via transfer gates 483a to 483d, re- 
spectively. The size of the transfer gates 483a to 483d 
is L = 0.4um, W = 1 .0|im (L is a channel length and W 
is a channel width). 

[0129] The FD portion 485 is connected to the gate 
486 of a source fol tower via an aluminum (A1 ) wire hav- 
ing a width of 0.4u,m ; and the photo-charge transferred 
to the FD portion 485 modulates the gate voltage of the 
gate 486. The size of the MOS transistor of the gate 486 
is L = 0.8u.m, W = 1 .0u,m, and the total capacitance of 
the FD portion 485 and the gate 486 is about 5fF. Since 
Q = C V, the gate voltage of the gate 486 changes by 3.2 
volts in response to the transference of 10 5 electrons. 
[0130] Current flowing in from a V DD terminal 491 is 
modulated by the MOS transistor of the gate 486, and 
transferred to a vertical signal line 487. Current flowing 
through the vertical signal line 487 is processed by a 
signal processing circuit (not shown) and formed into im- 
age information. 

[01 31 ] Thereafter, in order to set the potentials of the 
photodiodes 482a to 482d, the FD portion 485, and the 
gate 486 to the predetermined potential V DD5 the gate 
486 of the MOS transistor connected to the reset line 
482 is opened (at this time, the transfer gates 483a to 
483d are also opened), thereby the photodiodes 482a 
to 482d, the FD portion 485, and the gate 486 are elec- 
trically connected to the V DD terminal 491 . 
[01 32] Thereafter, the transfer gates 483a to 483d are 
closed, thereby the accumulation of photo-charges in 
the photodiodes 482a to 482d start again. 
[0133] In layout 1, the lines 488a to 488d, 490 and 
492, passing over the unit cell 481 in the horizontal di- 
rection, are all formed with indium tin oxide, transparent 
conductor, of 1500A thickness. Therefore, areas of the 
photodiodes 482a to 482d under the aforesaid lines can 
also receive light, and the center of mass of each pho- 
todiode matches the center of mass of light-receiving 
area of the photodiode. 

[0134] According to the Layout 1 in the third embodi- 
ment, it is possible to provide a CMOS sensor with -rel- 
atively high area ratio and high aperture ratio, in which 
photodiodes are arranged at an equal pitch. 

[Layout 2] 

[0135] Fig. 24 shows another practical pattern layout 
of four photodiodes and an amplifier in the CMOS sen- 
sor 22 

[0136] Referring to Fig. 24, reference numerals 502a 
to 502b denote the photodiodes; 503a to 503d, transfer 
gates; 505, an FD portion; 506, the gate of a source fol- 
lower; 507, a vertical signal line; 508a to 508d, scanning 



lines; 510, a row selection line; and 512, a reset line for 
controlling the gate 51 3 of a MOS transistor. 
[0137] In layout 2 of the third embodiment, since three 
lines out of lines 508a to 508d, 510, and 512 pass 

5 through the central portion of each pixel. Therefore, if 
these lines are metal wires which shield light incoming 
toward the photodiodes 502a to 502d, the center of 
mass of the light-receiving area of each photodiode 
does not shift, and remains at the center of each pixel. 

10 [0138] In layout 2 of the third embodiment, opaque 
metal wires with small resistance are generally used, 
time constant of the lines in the horizontal direction is 
improved, and a high-speed image sensing apparatus 
is obtained. 

is [0139] In the aforesaid layout 1 and layout 2 of the 
third embodiment, the portion under the shield unit is not 
effectively used. It is possible to extend the area of a 
photodiode, as a photoelectric conversion element, un- 
der the light-shield unit, and make the extended area 

20 function as a charge accumulation unit. 

[Layout 3] 

[0140] In layout 2 of the third embodiment, since the 
25 lines pass through the center of each pixel where light- 
receiving efficiency is high, sensitivity of the image sens- 
ing apparatus may not be good. Accordingly, an im- 
proved layout is shown in Fig. 26 as the layout 3 of the 
third embodiment. Fig. 26 is a practical pattern layout of 
30 the layout shown in Fig. 20. 

[0141] In layout 3 of the third embodiment, transfer 
gates 523a to 523d, the gate 526 of a source follower, 
and the gate 533 of a MOS transistor for resetting are 
formed under scanning lines 528a to 528d, a row selec- 
ts tion line 530, and a reset line 532; therefore, it is possible 
to maximize the size and aperture of each of photodi- 
odes 522a to 522d. In addition, the aperture of each pho- 
todiode is at the center of each pixel. Further, light-shield 
units are formed in an area where horizontal and vertical 
40 wires are formed. 

[0142] Further, in layout 3 of the third embodiment, 
the source follower, as the amplifier 12 shown in Fig. 20, 
and the MOS transistor for resetting are separately ar- 
ranged in periphery of each photodiode in the row direc- 
45 tion, thus, compactly arranged under wires running in 
the row direction. 

[0143] Further, since there is a large area which is not 
yet used under wires in the upper right pixel , it is possible 
to add a new configuration, such as a smart sensor. 
so [0144] According to the layout 3 of the third embodi- 
ment, the area and aperture of a photodiode are in- 
creased comparing to the layout 2, it is possible to pro- 
vide a high-sensitive image sensing apparatus with wide 
dynamic range. In addition, if the size of each pixel is 
55 further reduced and the size of the aperture of the pho- 
todiode becomes small, e.g., wavelength of light, each 
side, the problem such that light will not enter the pho- 
todiode will not arise. Thus, the layout 3 would remain 
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as an efficient layout for the future. 
[0145] In layout 3 of the third embodiment, the ampli- 
fier 12 is arranged at the central portion of each unit cell, 
and the center of mass of a light-receiving area is de- 
signed to match the center of mass of a pixel. However, 
the present invention is not limited to this, and the shape 
of apertures of pixels may be arbitrarily designed as long 
as the shape is identical and arranged in a fixed position 
in every pixel, as shown in Fig. 27, for instance. 
[0146] In other words, by designing the apertures to 
have the same shape and arranged in a predetermined 
position in each pixel, intervals between the centers of 
mass of light receiving areas become the same. 

[Layout 4] 

[0147] Fig. 28 shows a practical pattern layout, corre- 
sponding to Fig. 21 , of four photodiodes and an amplifier 
in the CMOS sensor 22 in Fig. 1 . 

[0148] In layout 4 of the third embodiment, colors of 
a color filter and positions of the colors are predeter- 
mined. Specifically, in the four pixels arranged in a 2 X 
2 array, the upper left and lower right pixels are covered 
with green filter (G pixels) which contributes most to lu- 
minance signals, the upper right pixel is covered with 
red filter (R pixel), and the lower left pixel is covered with 
blue filter (B pixel). 

[0149] In layout 4, the amplifier 12 and other periph- 
eral circuits are arranged so that photodiodes 542a and 
542d of the G pixels have the maximum area and aper- 
ture ratio. 

[0150] Further, the center of mass of light-receiving 
area of a G pixel matches the center of mass of the G 
pixel, thus, the intervals between the centers of mass of 
G pixels are equal. 

[0151] According to the layout 4 of the third embodi- 
ment, it is possible to provide a high sensitive image 
sensing apparatus. 

[On-chip Lens and Other Variations] 

[0152] Fig. 29 shows an example when on-chip lens 
is used in the CMOS sensor 22 in Fig. 1. 
[0153] Referring to Fig. 29, an on-chip lens 602 is 
formed on each pixel in a unit cell 601. Light incoming 
from outside of the CMOS sensor 22 is collected by the 
on-chip lens 602 and incidents on the aperture 603. Ref- 
erence numeral 604 denotes an imaging area where 
light is gathered by the on-chip lens 602. 
[0154] By controlling the design and the position of 
the on-chip lens, the position of the imaging area can 
be set relatively freely. 

[0155] Thus, when a plurality of pixels share a single 
amplifier, if photodiodes, as photoelectric conversion el- 
ements, could not be arranged at a same interval, image 
signals as if they are obtained by photodiodes which are 
arranged at a same interval can be obtained by control- 
ling the designs and positions of on-chip lenses. 



[0156] Further, if an image sensing lens used in the 
image sensing apparatus is not telecentric, an incoming 
angle of light which incidents on a sensor chip in the 
central portion is different from an outer portion. Thus, 

5 by setting apertures of photodiodes in the outer portion 
of the CMOS sensor at different intervals, image signals 
as if they are obtained by photodiodes which are ar- 
ranged at a same interval can be obtained. 
[01 57] According to the layout 1 to layout 4 of the third 

10 embodiment, light-shield units which are optical mem- 
bers are adjusted to make intervals between light-re- 
ceiving areas identical. With the on-chip lens, the inter- 
vals of light receiving areas are made identical virtually 
by adjusting the designs and positions of the on-chip 

is lenses, i.e., other optical members. 

[01 58] It should be noted that a configuration using an 
optical member, such as an on-chip lens, is also appli- 
cable to the first and second embodiments. 

20 [Noise Reduction] 

[0159] The inventors of the present application also 
have developed a signal read circuit for reducing noise 
suitably used in an image sensing apparatus having a 
25 configuration, as described above, in which a plurality 
of pixels share an amplifier. 

[0160] Fig. 30 is a circuit diagram of a unit cell of the 
CMOS sensor having any of the aforesaid configura- 
tions. 

30 [0161] Referring to Fig. 30, references q 11f q 12 , q 21? 
and qgg are photodiodes as photoelectric conversion el- 
ements; M-px! to Mjx 4 . MOS transistors for transferring 
photo-charges accumulated in the photodiodes q n , q 12 , 
q 21 , and q^ to a floating diffusion (FD) portion; M RES , a 

35 MOS transistor for resetting the FD portion: and Mgpand 
Ms el« MOS transistors configuring a source follower. 
The MOS transistor M SEL also functions as a selection 
switch for selecting a photodiode. 
[0162] Next, an operation of the image sensing appa- 

40 ratus including a signal processing circuit according to 
the third embodiment is explained. Fig. 31 is an equiv- 
alent circuit of the image sensing apparatus including 
the signal processing unit. 

[0163] Fig. 32 is a timing chart for operating the image 

45 sensing apparatus shown in Fig. 31 . 

[0164] Referring to Figs. 31 and 32, vertical scanning 
operation is initiated in response to the pulse, which in- 
dicates a vertical blanking period, of a signal <))V 1 or $V 2 . 
First, a signal <|>TX R0 which is applied to a reset line 573 

50 of the first row is activated during a horizontal blanking 
period (i.e., when a signal <J>HBL is high), and signals for 
subsequent lines are applied in the same manner. Ac- 
cordingly, all the pixels in every row are reset to the reset 
potential V DD . 

55 [0165] In each horizontal blanking period, as shown 
in Fig. 32, during a period T^ , a signal $L becomes high 
and a transistor 561 , connected for a vertical signal line 
557, is turned on and the vertical signal line 557 is reset. 
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Simultaneously, signals <J>T N> <|>T S1 and <>T S2 also be- 
come high, and transistors 562-1 to 562-3 are turned 
on. Accordingly wires in the upstream of transistors for 
reading signal, 564-1 to 564-3, and capacitors 563-1 to 
563-3 (C-nsj, C TS1 , Cysg) are electrically connected to the 
vertical signal line 557, and reset. Accordingly, residual 
charges in the capacitors 563-1 to 563-3. for instance, 
are removed. 

[0166] Thereafter, in a period T 12 , a signal <J>TX RO to 
be applied to the reset line 573 is changed to high, and 
the floating gate, which is the gate of the source follower 
amplifier configured with the MOS transistors M SF and 
M SEL in each unit cell, is reset to the voltage V DD . 
[0167] Then : in a period T 13 , a signal $RV becomes 
high and a transistor 560 for grounding, connected to 
the vertical signal line 557, is turned on, and the vertical 
signal line 557 is grounded. Simultaneously, the signal 
<J>T N is changed to high in order to connect the capacitor 
563-1 (C TN ) for storing a noise component to the vertical 
signal line 557, and the transistor 562-1 is turned on. At 
this time, a signal <J)S 0 to be applied to a row selection 
line 574 is high, and current corresponding to the poten- 
tial (about V DD ) at the floating gate of the MOS transistor 
M SF flows from a V DD terminal to the capacitor 563-1 
(C-ng), thereby the capacitor 563-1 {O^) stores charge 
corresponding to the noise component. 
[0168] Next, in a period T 14 , a signal ^TXqoq applied 
to the odd-column scanning line 571 is changed to high, 
in turn, a transfer gate (MOS transistor M^, in this 
case) for an odd-number column in an odd-number row 
is turned on, and photo-charge accumulated in the pho- 
todiode q n is transferred to the floating gate of the MOS 
transistor M SF . The capacitor 563-1 (C^) for storing the 
noise component is disconnected from the vertical sig- 
nal line 557 when the signal <|>T N becomes low, and the 
capacitor 563-2 (C TS1 ) for storing a photo-charge signal 
is connected, in turn, when the signal <J)T S1 is changed 
to high. Thus, charge accumulated in the photodiode 
q 1v for instance, in an odd-number column in an odd- 
number row is stored in the capacitor 563-2 (C TS1 ) via 
the vertical signal line 557. 

[0169] Next, in a period T 15 , the signal <J>L becomes 
high, and only the vertical signal line 557 is reset. Since 
the signals <J>S 0 , <|>T N , $T S1 , and <|>T S2 , are low, other por- 
tions are not reset, and their states are preserved. 
[01 70] Next, the signal <J>TX RO applied to the reset line 
573 is changed to high between periods T 15 and T 18 , 
and the gate of the source follower amplifier (i.e., the 
gate of MOS transistor M SF ) is reset to the potential V DD . 
[0171] In the period T 16> a signal <J>TXo e0 applied to a 
scanning line 572 is changed to high, and photo-charge 
accumulated in the photodiode q 12 in an even-number 
column in an odd-number row is transferred to the float- 
ing gate of the MOS transistor M SF . At this time, the sig- 
nal <|>T S2 is changed to high, and photo-charge accumu- 
lated in the photodiode p 12 is stored in the capacitor 
563-3 (C TS2 ) via the vertical signal line 557, in the similar 
manner. 



[0172] In the aforesaid manner, charges correspond- 
ing to the noise component, a first signal, and a second 
signal are respectively stored in the capacitors 563-1 , 
563-2, and 563-3 (C^, C TS1 , C TS2 ) by each column for 
s a row. 

[0173] Next, in a period T 17 , in order to sequentially 
transfer the charges stored in the capacitors 563-1 to 
563-3 (0™, Cjs^ C XS2 ) to amplifiers 566-1 to 566-3, 
respectively, a horizontal scanning signal <J>Hn is 

io changed to high for each columns controlled by a hori- 
zontal shift register 559, and transistors 564-1 to 564-3, 
provided for each column, are turned on; thereby the 
capacitors 563-1 to 563-3 (C-pg, C TS1 , Cf S2 ) are con- 
nected to the respective amplifiers 566-1 to 566-3. From 

15 the capacitors 563-1 to 563-3 (C TN , C TS1 , C TS2 ), the 
noise component, the first signal and the second signal 
are outputted, and from a differential amplifier 567-1 , a 
signal S1 obtained by subtracting the noise component 
from the first signal is outputted, and a signal S2 ob- 

20 tained by subtracting the noise component f rom the sec- 
ond signal is outputted from a differential amplifier 
567-2. Note that accumulation of photo-charges by the 
photodiodes are also performed during the period T 17 . 
[0174] Further, by changing signals ^TXq^ and 

25 ^TXoee to high instead of the signals ^TXqoq and 
(JjTXoeo in tne aforesaid operation, signals correspond- 
ing to photo-charges accumulated in the photodiodes 
q^ and q^ in an even-number row are read out and a 
noise component is subtracted from those photo-charge 

^0 signals to obtain the signals S1 and S2. 

<First Modification of the Third Embodiment 

[0175] Next, another configuration of an image sens- 
es ing apparatus including a signal processing circuit is ex- 
plained. 

[0176] Fig. 33 is an equivalent circuit of the image 
sensing apparatus including the signal processing unit. 
[0177] In the modification 1 , four capacitors 563-2 to 

40 563-5 (C TS1 to C TS4 ) are provided for storing photo- 
charge signals, and different information can be stored 
in the respective capacitors 563-2 to 563-5. More spe- 
cifically, a signal corresponding to photo-charge accu- 
mulated in the photodiode q u is stored in the capacitor 

45 563-2 (C TS1 ), and a signal corresponding to photo- 
charge accumulated in the photodiode q 22 is stored in 
the capacitor 563-5 (C TS4 ), for instance. Therefore, 
processes performed in the downstream of amplifiers 
566 may be operated at a half clock speed to achieve 

so the same throughput of the image sensing apparatus 
having the configuration shown in Fig. 31 . Accordingly, 
the amplifiers 566, the differential amplifiers 567, and 
other signal processing circuits may be also operated at 
a half clock speed comparing to the configuration shown 

55 in Fig. 31 . Thus, required speed of the operating ele- 
ments is decreased, and it is possible to use inexpen- 
sive lower performance elements to configure the cir- 
cuit. As a result, the cost of the system is reduced. 
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[01 78] Note, the charges to be stored in the capacitors 
are not limited to those respectively corresponding to 
photo-charges accumulated in the respective photodi- 
odes, and added charges may be stored by controlling 
operation of the transfer gates and the reset MOS. 
When the CMOS sensor 22 has the configuration as 
shown in Fig. 21. for instance, it is possible to store a 
photo-chargo signal of the G photodiode q^ in the ca- 
pacitor 563-2 (Cjst), a photo-charge signal of the G 
photodiode in the capacitor 563-3 (C TS2 ), and a pho- 
to-charge signal of the R photodiode q 12 and the B pho- 
todiode qg! in the capacitor 563-4 (G^). It is effective 
to apply this configuration to a smart sensor using each 
pixel more intelligently. 

[0179] According to the configuration as explained in 
the third embodiment and the first modification of the 
third embodiment, it is possible to reduce noise caused 
by variation in characteristics of amplifiers each provid- 
ed for each unit cell. 

<Second Modification of the Third Embodiment 

[0180] Next, a case of operating the image sensing 
apparatus of the second modification of the third em- 
bodiment will be explained with reference to Figs. 34 
and 35. Fig. 34 is an equivalent circuit of an image sens- 
ing apparatus including a signal processing circuit, and 
Fig. 35 is a timing chart for operating the image sensing 
apparatus shown in Fig. 34. 

[0181] First, during a horizontal blanking period, pho- 
to-charges accumulated in pixels are transferred and 
photodiodes are reset to an initial state. 
[0182] During a period T 21 , the vertical signal lines 
557 are reset by changing a signal 4>R V to high to remove 
residual charges on the vertical signal lines 557. At the 
same time, residual charges in the capacitors C^,, 
C TN2' c tsv C TS2 are removed by changing signals 
<t>T N1 , ^T^, ^Ts-i, and tj>T S2 to high. 
[0183] During a period T^, in advance of transferring 
photo-charges of photodiodes in odd-number columns 
in a first row (q 11: q 13> .... q l(iv1 ))r the gates of amplifiers 
(the gates of the MOS amplifiers M SF ) are reset by 
changing a signal <J>TX RO to high and residual charges 
in the gates are removed. After resetting the gates, reset 
noise remains. 

[0184] During a period T^, the reset noise from the 
period T 22 and offset voltages of the amplifiers are trans- 
ferred to capacitors C^. The output terminals of the 
amplifiers are electrically connected to the vertical sig- 
nal lines 557 by changing a signal $S 0 to high, and a 
signal <j>L is also changed to high to turn on MOS tran- 
sistors 561 for activating the amplifiers. Further, a signal 
T N1 is changed to high to electrically connect the capac- 
itors C TN1 with the respective vertical signal lines 557. 
Accordingly, noise is stored in the capacitors C- mi . 
[0185] During a period T 24l photo-charges of photo- 
diodes in odd-number columns in a first row(q n , q 13 , .... 
^1 (n-1)) are transferred to the capacitors C TS1 . By chang- 



ing the signals $L, <J>T S1 , and <J>S 0 to high, the amplifiers 
and the capacitors Cr S1 are electrically connected. 
[0186] When a signal ^TXqo becomes high, photo- 
charge is transferred from each photodiode in the odd- 

5 number column in the first row to the amplifier. With this 
operation, the photo-charge is added to the reset noise 
from the period T 22 at the gate of the amplifier. This gate 
voltage is further superposed on the offset voltage, and 
a signal (SI + N1 ) is stored in each capacitor C TS1 . 

10 [0187] During the periods T^s to T 28 , photo-charges 
of photodiodes in even -number columns in the first row 
(q 12: q 14 , .... q ln ) are transferred to the capacitors C TS2 . 
The basic operation is the same as that performed dur- 
ing the periods T 21 to T 24 , except a signal ^TXoe is 

1* changed to high instead of the signal ^TXqq, a signal 
<J)T N2 is changed to high instead of the signal <J>T N1 , and 
a signal $T S2 is changed to high instead of the signal 

[0188] During a period T^, residual charges in the 

20 vertical signal lines 557, the amplifiers, and the transfer 
MOS are removed, thereby transference of reset noise 
and photo-charge signals are completed. 
[0189] After the aforesaid processes, noise signals 
N1 and N2. and signals (S1 + N1) and (S2 + N2) are 

25 stored in the capacitors Cy^ , C-n^, C TS1 » and C TS2 , re- 
spectively. These signals are outputted via horizontal 
signal lines in response to signals <}>H1 and <J>H2 control- 
led by a horizontal shift register 559 during a period T 210 . 
Then, in a differential amplifier A1, the noise signal N1 

30 js subtracted from the signal (S1 + N1), thereby a signal 
SI is outputted, and in a differential amplifier A2, the 
noise signal N2 is subtracted from the photo-charge sig- 
nal (S2 + N2), thereby a signal S2 is outputted. 
[0190] Accordingly, photo-charge signals faithfully 

35 corresponding to the photo-charges accumulated in the 
photodiodes q^ to q 1n in the first row are obtained. 
Charging operation starts when photo-charges are 
transferred to the gate in the period T 24 and T 28 . 
[0191] In the next horizontal blanking period, -the 

40 same operation performed for the first row as described 
above is repeated for the second row. After reading out 
the photo-charges of photodiodes in the second row, the 
amplifier, shared by four pixels, are put into a discon- 
nected state until the next vertical blanking period when 

45 next operation is performed. 

[01 92] In order to read out photo-charges by two rows, 
another set of capacitors C^^ C TS1 and C TS2 , and dif- 
ferential amplifiers A1 and A2 are to be added to the 
configuration shown in Fig. 34. More specifically, in the 

50 aforesaid operation, photo-charges are read out by a 
single row in a non-interlace operation, whereas photo- 
charges of two rows are read out in one horizontal pe- 
riod. 

[0193] Fig. 36 is a timing chart during a vertical blank- 
55 jng period. 

[0194] While a single vertical blanking period, the 
aforesaid operation performed during the horizontal 
blanking period is repeated number-of-row times. The 



15 



29 



EP 0 954 032 A2 



30 



vertical shift register outputs operation pulses ^TXqq, 
(J>TXo e , 4>TX RO , and <|>S 0 for each horizontal blanking pe- 
riod for each row. 

[0195] As described above, in the second modifica- 
tion of the third embodiment, in addition to removing 
noise due to variation in characteristics of amplifiers as 
described in the third embodiment and in the first mod- 
ification of the third embodiment, reset noise is also re- 
moved. 

<Fourth Embodiment 

[0196] Next, the fourth embodiment of the present in- 
vention will be explained. 

[0197] In the fourth embodiment, a case where an ad- 
ditional function is added to an amplifier, a common cir- 
cuit in the aforesaid embodiments, shared in a unit cell 
is explained. 

[0198] Fig. 37 shows a configuration of the common 
circuit with the additional function. 
[0199] In the downstream of an amplifier 70 1 , memory 
702, a differential amplifier 703, and a comparator 704 
are added. The noise, as described in the foregoing em- 
bodiments, is temporarily stored in the memory 702, a 
signal (S - N) is transferred to the positive terminal of 
the differential amplifier 703, and the differential ampli- 
fier 703 takes the difference between the noise and the 
signal (S - N), thereby, a signal S, including no noise 
component, is obtained. The signal is transferred to a 
vertical signal line. Or, depending upon utilization pur- 
pose of the signal, the obtained signal can be digitized 
by the comparator 704. 

[0200] Further, by replacing the comparator 704 with 
an analog-digital (A/D) converter, a digital signal can be 
obtained. The digital signal output from the A/D convert- 
er may be either a serial signal or a parallel signal. The 
circuit may be arbitrary changed depending upon utili- 
zation purpose. 

<Other Embodiments> 

[0201 ] The present invention is not I imited to a general 
CMOS sensor as shown in Figs. 41 or 42, and may be 
applied to an image sensor as disclosed in ISSCC98/ 
SESS:ON11/IMAGESENSORS/PAPER FA11.8pp182, 
shown in Fig. 38. 

[0202] In this case, a configuration of an amplifier 
shared by e.g., four photodiodes, may be the one as 
shown in Fig. 39. 

[0203] Further, the present invention is not limited to 
a CMOS sensor, and applicable to any APS sensors. 
[0204] Furthermore, in the first to fourth embodi- 
ments, a plurality of photoelectric conversion elements 
are arranged to share a single amplifier, forming a unit 
eel! altogether, however, the amplifier may be replaced 
by other unit which processes signals, outputted from a 
plurality of photoelectric conversion elements. For in- 
stance, an A/D conversion circuit (USP No. 5,431,425) 



and a signal processing circuit, e.g., an image compres- 
sor (Journal of Television Society vol. 1 50, no. 3 ; pp.335 
to 338, 1 995) may be used in place of the amplifier. 
[0205] The present invention is not limited to the 
5 above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore to apprise the public of the 
scope of the present invention, the following claims are 
made. 



1. An image sensing apparatus having a plurality of 
is unit cells (13-16), each including a plurality of pho- 
toelectric conversion elements (11) and a common 
circuit (1 2) shared by said plurality of photoelectric 
conversion elements, arranged in either one or two 
dimensions, 

20 wherein said plurality of photoelectric conver- 

sion elements are arranged at a predetermined in- 
terval. 

2. The image sensing apparatus according to claim 1 , 
25 wherein said plurality of photoelectric conversion el- 
ements (11) in each unit ceil are arranged side by 
side in one direction, and said common circuit (12) 
is arranged at the edge of each plurality of photoe- 
lectric conversion elements. 

30 

3. The image sensing apparatus according to claim 1 
or 2, wherein said plurality of photoelectric conver- 
sion elements (11) in each unit cell are arranged 
side by side in one direction, and said common cir- 

35 cu it (12) is arranged between adjoining unit cells ar- 
ranged in a direction perpendicular to the direction 
of the arrangement of said plurality of photoelectric 
conversion elements. 

40 4. The image sensing apparatus according to claims 
1 to 3, wherein said common circuit (12) is arranged 
at the edge of each plurality of photoelectric con- 
version elements (11) arranged in a horizontal di- 
rection. 

45 

5. The image sensing apparatus according to claim 4, 
wherein said unit cell (13, 14) is configured with a 
plurality of pixels each including a photoelectric 
conversion element (11), and a number of horizon- 

so tal conductors (38. 39, 40, 42) passing over each 
pixel is the same. 

6. The image sensing apparatus according to any of 
claims 1 to 3, wherein said common circuit (1 2) is 

55 arranged at the edge of each plurality of photoelec- 
tric conversion elements (11 ) arranged in a vertical 
direction. 
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7. The image sensing apparatus according to claim 6, 
wherein said unit cell (15, 16) is configured with a 
plurality of pixels each including a photoelectric 
conversion element (11), and a number of vertical 
conductors passing over each pixel is the same. s 

8. The image sensing apparatus according to claim 4 
or 6, wherein said unit cell (1 3-1 6) is configured with 
a plurality of pixels each including a photoelectric 
conversion element (11), and contacts between lay- 10 
ers of each pixel are arranged so that a number of 
conductors (31 , 37) passing over each unit cell, as 
well as one of the contacts which is not connected 

to a conductor passing over the unit cell is connect- 
ed to a light-shield film of the pixel. is 



14. An image sensing apparatus having a plurality of 
unit cells, each including a plurality of photoelectric 
conversion elements (11) and a common circuit (12) 
shared by said plurality of photoelectric conversion 
elements, arranged in either one or two dimensions, 
characterized by comprising: 

adjustment means (17, 602) for adjusting 
centers of mass ol light-receiving areas of said plu- 
rality of photoelectric conversion elements provided 
in a central portion of the image sensing apparatus, 
so as to be apart at a same spatial interval. 

15. The image sensing apparatus according to claim 
14, wherein said adjustment means (17, 602) is an 
optical member. 



9. An image sensing apparatus having a plurality of 
unit cells, each including a plurality of photoelectric 
conversion elements (11) and a common circuit (12) 
shared by said plurality of photoelectric conversion 
elements, arranged in two dimensions, 

wherein photoelectric conversion elements 
(Pi2» Pi4» P21> P2a)» out °* sa ^ plurality of photoe- 
lectric conversion elements, which are covered by 
a color filter that contributes mostly to forming a lu- 
minance signal are arranged in a same interval both 
in the horizontal and vertical directions by arranging 
adjoining rows or columns of photoelectric conver- 
sion elements shifted from each other. 

10. The image sensing apparatus according to claim 9, 
wherein the adjoining rows or columns of said pho- 
toelectric conversion elements (p 12 . P14, P23)' 
covered by the color filter that contributes mostly to 
forming a luminance signal, are shifted by 3/2 pitch- 
es from each other. 

11 . The image sensing apparatus according to claim 9 
or 10, wherein said plurality of photoelectric conver- 
sion elements (11 ) in each unit are arranged on both 
sides of said common circuit (12). 

12. The image sensing apparatus according claim 11, 
wherein a color filter covering one of said plurality 
of photoelectric conversion elements (11) arranged 
on one side of said common circuit (12) contributes 
to forming a luminance signal, and a color filter cov- 
ering another photoelectric conversion element ar- 
ranged on the other side of said common circuit 
contributes to forming a color signal. 

13. The image sensing apparatus according to any of 
claims 9 to 12, further comprising signal processing 
means (87-1, 87-2) for forming a luminance signal 
and a color difference signal on the basis of signals 
obtained from said plurality of photoelectric conver- 
sion elements (11). 



16. The image sensing apparatus according to claim 

15, wherein said optical member (17) is a light- 
shield unit. 

20 

17. The image sensing apparatus according to claim 

16, wherein said light-shield unit (17) is arranged 
between adjoining unit cells. 

2S 18. The image sensing apparatus according to claim 
16, wherein a plurality of light-shield units (17) are 
arranged so as to be symmetry with respect to a 
horizontal or vertical line passing over a center of 
each unit cell (30). 

30 

19. The image sensing apparatus according to any of 
claims 14 to 16, wherein apertures of said plurality 
of photoelectric conversion elements (11) are 
placed at a fixed position in each pixel. 

35 

20. The image sensing apparatus according to claim 
15, wherein said optical member (602) is an on-chip 
lens. 

40 21. The image sensing apparatus according to any of 
claims 14 to 20, wherein apertures are adjusted so 
that centers of mass of light-receiving areas of said 
photoelectric conversion elements (11) in a periph- 
eral area of the image sensing apparatus are at a 
45 same interval. 

22. The image sensing apparatus according to any of 
claims 14 to 19, wherein centers of mass of light- 
receiving areas of said plurality of photoelectric con- 

50 version elements matches the respective centers of 
mass of pixels. 

23. The image sensing apparatus according to any of 
claims 1 4 to 22, wherein each of said unit cells (481 ) 

ss has a conductor (1 88-a to 1 88-d, 490, 492) passing 
over the unit cell in a predetermined direction, and 
said conductor is a transparent conductor. 
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24. The image sensing apparatus according to any of 
claims 1 4 to 22, wherein each of said unit cells (501 ) 
has a conductor (508-a to 508-d, 510,512) passing 
over the unit cell in a predetermined direction, and 
said conductor passes through centers of a plurality 
of pixels each including a photoelectric conversion 
element (11). 

25. The image sensing apparatus according to any of 
claims 1 4 to 22, wherein each of said unit cells (521 ) 
has a conductor (528-1 to 528-d, 530, 532) passing 
over the unit cell in a predetermined direction , and 
said conductor is provided over one side portion of 
each of a plurality of pixels each including a photo- 
electric conversion element (11), and said photoe- 
lectric conversion element is arranged in the other 
portion of the pixel. 

26. The image sensing apparatus according to any of 
claims 14 to 22, wherein each of said unit eel Is (521) 
includes conductors (527, 528-1 to 528-3, 530 to 
532), and each of a plurality of pixels each including 
a photoelectric conversion element (11 ) has a same 
number of conductors on each side. 

27. The image sensing apparatus according to claim 25 
or 26, wherein said common circuit (12) is arranged 
under the conductor (527, 528-a to 528-d, 530 to 
532). 

28. The image sensing apparatus according to any of 
claims 14 to 27, wherein said common circuit (12) 
is arranged at a central portion of each unit cell (481, 
501, 541). 

29. An image sensing apparatus having a plurality of 
unit cells (541), each including a plurality of photo- 
electric conversion elements (11) and a common 
circuit (12) shared by said plurality of photoelectric 
conversion elements, arranged in either one or two 
dimensions, characterized by comprising: 

adjustment means (17, 555) for adjusting 
centers of mass of light-receiving areas of photoe- 
lectric conversion elements (142a, 142d) selected 
from said plurality of photoelectric conversion ele- 
ments, provided in a central portion of the image 
sensing apparatus, on the basis of a predetermined 
condition, so as to be apart at a same spatial inter- 
val. 

30. The image sensing apparatus according to claim 
29, wherein at least one (142a : 142d) of said pho- 
toelectric conversion elements in each unit cell 
(541) is selected under the predetermined condi- 
tion. 

31 . The image sensing apparatus according to claim 29 
or 30, wherein the predetermined condition is that 



34 

a photoelectric conversion element is covered by a 
color filter which contributes mostly to forming a lu- 
minance signal. 

s 32. The image sensing apparatus according to any of 
claims 29 to 31 , wherein said adjusting means (17) 
is a light-shield unit. 

33. The image sensing apparatus according to any of 
10 claims 1 to 32, further comprising: 

noise reading means (82-1 , 83-1 , 1 62-1 , 1 63-1 , 
562-1 , 563-1 ) for reading a noise of said com- 
mon circuit (12); 
15 first signal reading means (82-2, 83-2, 162-2, 

163-2, 562-2, 563-2) for reading a first signal 
through said common circuit; 
second signal reading means (B2-3, 83-3, 
162-3, 163-3, 562-3, 563-3) for reading a sec- 
20 ond signal through said common circuit; and 

noise reduction means (87-1, 87-2, 567-1, 
567-2) for reducing the noise from said first and 
second signals. 

25 34. The image sensing apparatus according to any of 
claims 1 to 32, further comprising: 

noise reading means (562, 563-1 ) for reading 
a noise of said common circuit (12); 
30 signal reading means (562, 563-2 to 563-5) for 

reading a plurality of signals through said com- 
mon circuit; and 

noise reduction means (567) for reducing the 
noise from said plurality of signals. 

35 

35. The image sensing apparatus according to claim 33 
or 34, wherein said noise reduction means (87-1 , 
87-2, 567-1, 567-2, 567) is differential means. 

40 36. The image sensing apparatus according to claim 
33, wherein said first signal is read from one of said 
plurality of photoelectric conversion elements (11) 
in each unit cell, and said second signal is read from 
another photoelectric conversion element in the 

45 same unit cell. 

37. The image sensing apparatus according to claim 

33, wherein said first signal is read from one of said 
plurality of photoelectric conversion elements (11) 

50 jn each unit cell, and said second signal is read from 
the photoelectric conversion element and another 
photoelectric conversion element in the same unit 
cell. 

55 38. The image sensing apparatus according to claim 

34, wherein said first signal is read from one of said 
plurality of photoelectric conversion elements (11) 
in each unit cell, and said second signal is read from 
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other plural photoelectric conversion elements in 
the same unit cell. 

39. The image sensing apparatus according to any of 
claims 1 to 38, wherein said common circuit (12) is s 
an amplifier for amplifying and outputting a signal 
from each of said plurality of photoelectric conver- 
sion element (11). 

40. The image sensing apparatus according to claim 10 
39, wherein said common circuit (12) further in- 
cludes transfer means for transferring the signal 
from each of said plurality of photoelectric conver- 
sion element (1 1 ) and reset means for resetting said 
common circuit. J 5 

41. The image sensing apparatus according to any of 
claims 1 to 36, wherein said common circuit (12) is 
digital signal conversion means for converting a sig- 
nal from each of said plurality of photoelectric con- 20 
version element (11) into a digital signal. 

42. The image sensing apparatus according to any of 
claims 1 to 38, wherein said common circuit (12) is 

a signal processing unit. 2s 

43. An image sensing system having the image sensing 
apparatus (22) according to any of claims 1 to 42, 
a lens system (21 ) for forming an image on the im- 
age sensing apparatus, and a signal processing cir- so 
cuit (23) for processing an output signal from the 
image sensing apparatus. 
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